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Description 

1.  Field  of  the  Invention.  The  present  invention 
relates  to  a  method  for  the  detection  of  an  analyte 
in  a  sample,  and  more  particularly  concerns  a 
method  employing  an  enzyme  immunoassay  for 
measuring  the  concentration  of  an  analyte  in  a 
sample  by  indirect  colorimetric  detection. 

2.  Background  Description.  Assays  for  the  col- 
orimetric  detection  of  analytes  are  common  and 
well-known.  In  particular,  enzyme  immunoassays 
(EIA)  and  enzyme-linked  immunosorbent  assays 
(ELISA)  are  employed  for  the  colorimetric  detection 
of  an  antigen  (analytes)  present  in  a  test  sample.  In 
these  enzyme  immunoassay  methods,  antibodies 
specific  to  the  test  antigen  or  analyte  are  bound  to 
a  solid  phase  which  is  usually  a  clear  or  transpar- 
ent  plastic  tube.  In  many,  but  not  all,  of  these 
enzyme  immunoassays,  a  sandwich  formation  oc- 
curs  between  the  solid  phase  antibody,  the  antigen 
and  the  enzyme-labeled  antibody  such  that  the 
amount  of  enzyme-labeled  antibody  bound  to  the 
solid  phase  is  directly  proportional  to  the  antigen 
concentration  in  the  sample.  Excess,  unreacted 
reagents  are  normally  washed  from  the  tube,  and 
substrate  is  added  to  effect  the  enzyme  reaction. 

In  addition  to  sandwich  formation,  which  typi- 
cally  occurs  with  protein  antigens,  it  is  possible  to 
perform  competitive  assays.  A  limiting  amount  of 
antibody  is  put  on  the  solid  phase,  and  both  sam- 
ple  and  an  enzyme-labeled  hapten  are  simulta- 
neously  incubated.  When  no  analyte  is  present  in 
the  sample,  the  enzyme-labeled  hapten  binds 
maximally  to  the  solid  phase.  As  the  amount  of 
analyte  in  the  sample  increases,  it  competes  with 
the  enzyme-labeled  hapten  for  binding  to  the  solid 
phase  such  that  the  amount  of  enzyme-labeled 
hapten  binding  is  inversely  proportional  to  the  an- 
alyte  concentration.  Competitive  assays  may  be 
performed  for  both  haptens  and  protein  analytes, 
but  only  protein  analytes  are  amenable  to  a 
sandwich-type  assay. 

In  colorimetric  detection  techniques,  the  sub- 
strate  may  include  a  chromogenic  substance  which 
is  responsive  to  the  enzyme  so  that  the 
chromogenic  substance  is  activated.  As  a  result, 
sufficient  color  is  produced  in  the  liquid  solution 
within  the  tube  which  may  be  detected.  Assays  of 
this  nature  are  frequently  completed  by  measuring 
the  color  production  within  the  tube  by  use  of  a 
spectrophotometer.  In  the  event  that  fluorochromes 
are  used  as  the  substances  to  be  detected,  fluores- 
cence  microscopes  as  well  as  fluorometers  may  be 
used  to  perform  the  assay  methods.  An  enzyme 
immunoassay  using  a  tetramethylbenzidine  (TMB) 
as  the  chromogen  in  the  colorimetric  detection  of 
an  antigen  is  described  in  U.S.  Patent  No. 
4,503,143. 

In  using  a  spectrophotometer  for  the  col- 
orimetric  detection  of  an  analyte  in  a  sample,  there 
are  a  number  of  factors  which  may  affect  the 
detection  of  light  associated  with  the  chromogenic 

5  reaction.  For  instance,  the  light  source  for  providing 
an  incident  beam  of  light  into  the  tube  containing 
the  sample  to  be  tested  is  frequently  a  lamp,  for 
instance,  a  tungsten  lamp,  such  as  that  described 
in  U.S.  Patent  No.  4,516,856.  It  is  not  uncommon  to 

io  have  variations  in  lamp  output  which  may  affect  the 
light  detected  in  a  spectrophotometer  or  light  col- 
lected  in  a  photomultiplier  for  detecting  fluores- 
cence  emissions.  Positioning  of  the  tube  containing 
the  sample  to  be  tested  may  be  different  from  test 

75  to  test,  also  having  an  affect  on  the  test  results. 
Other  factors  such  as  light  path  length  and  optical 
quality  of  the  tube  may  produce  differences  from 
test  to  test  which  may  affect  the  assay  results.  It  is 
believed  that  a  technique  which  corrects  or  ob- 

20  viates  the  aforementioned  variables  in  colorimetric 
detection  methods  would  be  most  desirable  in  im- 
proving  the  accuracy,  reproducibility  and  reliability 
of  these  test  procedures. 

Improvements  in  fluorometric  assays  have 
25  been  described  in  U.S.  Patent  No.  4,495,293.  How- 

ever,  the  object  of  the  just-mentioned  patent  is  to 
provide  improvements  in  the  fluorescent  intensity 
of  the  emitted  light  which  is  related  to  the  con- 
centration  of  the  ligand.  Another  technique  for  the 

30  assays  of  macromolecules  by  immunonephelome- 
try  is  described  by  DeGrella  et  al.  in  "A 
Nephelometry  System  for  the  Abbott  TDx™  ,"  Clin. 
Chem.  31/9,  1474-1477  (1985).  A  nephelometric 
method  for  monitoring  chromogenic  reactions  is 

35  described  in  this  publication,  which  method  relies 
on  scattered  energy  attenuation  to  measure  serum 
proteins.  There  are  no  teachings  or  suggestions, 
however,  in  the  DeGrella  et  al.  article  which  would 
be  useful  in  correcting  for  the  variables,  as  set  forth 

40  above,  which  affect  the  assay  measurements. 
Accordingly,  improvements  are  still  being 

sought  in  assays  relying  on  the  colorimetric  detec- 
tion  of  the  analytes  of  interest.  The  present  inven- 
tion  is  directed  to  such  an  improvement. 

45 
SUMMARY  OF  THE  INVENTION 

In  accordance  with  one  embodiment  of  the 
invention  there  is  provided  a  method  employing  an 

50  enzyme  immunoassay  for  measuring  the  concen- 
tration  of  an  analyte  in  a  sample  by  indirect  col- 
orimetric  detection  comprising: 

(a)  combining  a  peroxidase-labeled  antibody 
conjugate,  a  sample  to  be  tested  for  an  analyte, 

55  and  an  antibody  bound  to  the  interior  surfaces  of 
a  transparent  plastic  tube  so  that  the  analyte 
binds  to  said  bound  antibody  and  said  conjugate 
to  form  an  immunologic  complex  in  solid  phase; 

2 
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(b)  admixing  into  said  tube  a  liquid  solution 
containing  a  tetramethylbenzidine  and  hdyrogen 
peroxide  to  cause  a  reaction  with  said  im- 
munologic  complex  and  to  activate  the 
tetramethylbenzidine  for  a  colorimetric  response; 
(c)  adding  to  said  admixture  an  acidic  particle- 
containing  solution  which  terminates  said  reac- 
tion  and  causes  a  stable  particulate  suspension 
to  result; 
(d)  directing  incident  light  at  a  plurality  of 
weave-lengths  through  said  tube  into  said  sus- 
pension,  a  first  wavelength  of  said  incident  light 
being  substantially  at  450nm  at  which  activated 
tetramethylbenzidine  attenuates  by  absorption 
the  amount  of  light  scattered  from  said  incident 
light  as  a  function  of  the  increasing  concentra- 
tion  of  the  analyte  present,  a  second  wavelength 
being  spectrally  removed  from  said  first 
wavelength  and  at  which  substantially  no  attenu- 
ation  of  light  scatter  occurs  as  the  concentration 
of  the  analyte  increases; 
(e)  detecting  light  scattered  by  the  suspension 
at  said  first  and  at  said  second  wavelengths  and 
forming  a  ratio  of  said  two  respective 
wavelengths;  and 
(f)  comparing  the  magnitude  of  said  formed  ratio 
with  the  magnitude  of  a  ratio  associated  with 
light  scatter  detection  when  steps  (a)  to  (e)  are 
performed  with  samples  containing  known  con- 
centrations  of  said  analyte,  whereby  the  con- 
centration  of  the  analyte  in  the  sample  is  mea- 
sured. 

In  accordance  with  another  embodiment  of  the 
invention  there  is  provided  a  method  employing  an 
enzyme  immunoassay  for  measuring  the  concen- 
tration  of  an  analyte  in  a  sample  by  indirect  col- 
orimetric  detection  comprising: 

(a)  combining  a  peroxidase-labeled  antibody 
conjugate,  a  sample  to  be  tested  for  an  analyte, 
and  an  antibody  bound  to  the  interior  surfaces  of 
a  transparent  plastic  tube  so  that  the  analyte 
binds  to  said  bound  antibody  and  said  conjugate 
to  form  an  immunologic  complex  in  solid  phase; 
(b)  admixing  into  said  tube  a  liquid  solution 
containing  a  tetramethylbenzidine  and  hydrogen 
peroxide  to  cause  a  reaction  with  said  im- 
munologic  complex  and  to  activate  the 
tetramethylbenzidine  for  a  colorimetric  response; 
(c)  adding  to  said  admixture  a  first  fluorophore 
for  causing  fluorescence  at  or  near  the  absor- 
bance  maxima  of  activated  tetramethylbenzidine 
as  a  function  of  the  increasing  concentration  of 
the  analyte  present  in  the  sample; 
(d)  adding  to  said  admixture  a  second 
fluorophore  which  has  substantially  no  attenu- 
ation  of  its  fluorescence  as  the  concentration  of 
the  analyte  increases  and  causes  fluorescence 
at  a  wavelength  spectrally  removed  from  that  of 

the  actived  tetramethylbenzidine; 
(e)  directing  incident  light  at  a  plurality  of 
wavelengths  through  said  tube  into  said  last- 
mentioned  admixture,  said  wavelengths  includ- 

5  ing  a  wavelength  at  or  near  said  absorbance 
maxima  of  activated  tetramethylbenzidine,  and 
including  wavelengths  for  causing  excitation  of 
said  first  and  said  second  fluorophores; 
(f)  detecting  fluorescence  emitted  by  the 

io  fluorophores  and  forming  a  ratio  of  the  two  flu- 
orescence  wavelengths;  and 
(g)  comparing  the  magnitude  of  said  formed 
ratio  with  the-magnitude  of  a  ratio  associated 
with  fluorescence  detection  when  steps  (a)  to  (f) 

is  are  performed  with  samples  containing  known 
concentrations  of  said  analyte,  whereby  the  con- 
centration  of  the  analyte  in  the  sample  is  mea- 
sured. 

In  accordance  with  the  principles  of  the  present 
20  invention,  colorimetric  detection  is  achieved  using 

indirect  techniques,  such  as  the  collection  of  light 
scatter  or  fluorescence  signals.  Examining  the  ratio 
of  light  provides  a  system  which  indirectly  mea- 
sures  the  amount  of  color  generated  in  an  assay, 

25  such  as  an  enzyme  immunoassay.  Further,  using  a 
ratio  of  light  signals,  one  signal  of  the  ratio  being 
the  reporter  signal  and  the  other  being  a  reference 
signal,  provides  a  correction  mechanism  for  obviat- 
ing  such  variables  as  fluctuation  in  the  lamp  output, 

30  variations  in  tube  position,  diameter  or  optical  qual- 
ity.  Moreover,  use  of  the  above-described  ratio  also 
overcomes  differences  in  the  concentration  of  the 
particulate  matter  which  is  added  to  the  admixture 
for  light  detection  purposes,  when  light  scatter  at- 

35  tenuation  is  utilized.  Another  advantage  of  adding 
particulate  matter  to  the  aforementioned  admixture 
is  that  the  particles  may  be  selected  to  form  a 
stable  suspension  whose  light  scattering  or  other 
light  signal  capability  is  temperature  insensitive. 

40  Therefore,  the  present  invention  permits  the 
indirect  colorimetric  determination  of  the  concentra- 
tion  of  the  analyte  by  measuring  the  degree  of  light 
signal,  preferably  light  scatter  or  fluorescence,  at- 
tenuation.  In  addition  to  negating  the  problematical 

45  variables  as  mentioned  above,  the  preferred  meth- 
od  of  the  present  invention  allows  for  a  sensitive 
detection  of  the  analyte  of  interest  since  low  con- 
centrations  of  preferred  chromogenic  substances, 
used  in  the  present  method,  affect  the  degree  of 

50  light  scatter  or  fluorescence.  Other  advantages  and 
features  of  the  present  invention  will  become  more 
apparent  from  reading  the  detailed  description  be- 
low. 

55  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  graphic  representation  of  the  mea- 
surement  of  light  scattering,  at  three 

3 
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wavelengths,  as  a  function  of  the  concentration 
of  oxidized  tetramethylbenzidine  (TMB); 
Fig.  2  is  a  graphic  representation  of  two  ratios  of 
different  wavelengths  of  light  scatter  measured 
as  a  function  of  the  concentration  of  oxidized 
tetramethylbenzidine  (TMB),  in  accordance  with 
the  principles  of  the  present  invention; 
Fig.  3  is  a  graphic  representation  of  a  ratio  of 
light  scatter  measured  as  a  function  of  the  con- 
centration  of  human  chorionic  gonadotropin 
(hCG),  carrying  out  the  principles  of  the  present 
invention  in  an  enzyme  immunoassay; 
Fig.  4  is  a  graphic  representation  of  a  ratio  of 
light  scatter  measured  as  a  function  of  the  con- 
centration  of  human  luteinizing  hormone  (hLH), 
carrying  out  the  principles  of  the  present  inven- 
tion  in  an  enzyme  immunoassay; 
Fig.  5  is  a  graphic  representation  of  a  ratio  of 
fluorescence  signals  measured  as  a  function  of 
the  concentration  of  human  chorionic 
gonadotropin  (hCG),  carrying  out  the  principles 
of  the  present  invention  in  an  enzyme  im- 
munoassay; 
Fig.  6  is  a  graphic  representation  of  a  ratio  of 
fluorescence  signals  measured  as  a  function  of 
the  concentration  of  human  thyroid  stimulating 
hormone  (hTSH),  carrying  out  the  principles  of 
the  present  invention  in  an  enzyme  immunoas- 
say;  and 
Fig.  7  is  a  graphic  representation  of  a  ratio  of 
fluorescence  signals  measured  as  a  function  of 
the  concentration  of  thyroxine  (T+),  carrying  out 
the  principles  of  the  present  invention  in  an 
enzyme  immunoassay  of  the  competitive  type. 
The  nature  of  the  present  invention  is  to  pro- 

vide  an  improvement  of  preferably  those  enzyme 
immunoassays  which  use  chromogenic  substances 
for  the  colorimetric  detection  of  analytes,  including 
antigens  and  antibodies.  The  improvements  pro- 
vided  by  the  present  invention,  however,  as  set 
forth  above,  are  related  to  a  technique  which  in- 
directly  determines  the  color  generated  by  the  as- 
say  in  order  to  determine  the  concentration  of  the 
analyte  in  the  sample. 

Rather  than  rely  on  the  direct  measuring  of 
color  production,  by  the  use  of  a  spectrophoto- 
meter  or  the  like,  the  present  technique  uses  flu- 
orescence  or  light  scatter  measurements  in  the 
determination  of  the  amount  of  analyte  present  in 
the  sample.  It  has  been  ascertained  that  the  degree 
of  light  scattered  or  the  fluorescence  emitted  by 
the  liquid  sample  being  assayed  may  be  attenu- 
ated  as  a  function  of  the  concentration  of  the 
chromogenic  substance  used  in  the  enzyme  im- 
munoassay.  Such  attenuation  occurs  when  the 
wavelength  of  the  incident  light  is  the  same  as,  or 
substantially  the  same  as  or  near,  the  wavelength 
maximally  absorbed  by  the  chromogenic  sub- 

stance.  Therefore,  as  the  concentration  of  the 
chromogenic  substance  increases,  the  amount  of 
incident  light  absorption  increases  while  the  degree 
of  light  scatter  or  fluorescence  decreases. 

5  The  chromogenic  substance  used  in  the 
present  invention  is  a  tetramethylbenzidine  (TMB) 
in  hydrogen  peroxide.  When  TMB  is  employed  as 
the  substrate  in  an  enzyme  immunoassay,  in  which 
the  enzyme  is  peroxidase,  the  enzyme  converts 

io  the  TMB  to  an  oxidized  form  in  the  presence  of  a 
co-substrate,  hydrogen  peroxide.  At  neutral  pH, 
oxidized  TMB  exhibits  two  principal  absorption 
maxima  in  the  visible  portion  of  the  spectrum.  One 
absorption  maxima  is  centered  approximately  at 

is  450nm,  and  the  other  maxima  substantially  at 
655nm.  Upon  acidification  with  a  strong,  non-oxidiz- 
ing  acid,  the  absorption  at  655nm  disappears,  while 
the  band  at  450  nm  remains,  but  with  a  higher 
extinction  coefficient  (see,  E.S.  Bos  et  al.,  3,3',5,5'- 

20  tetramethylbenzidine  as  an  Ames  Test  Negative 
Chromogen  for  Horse-Radish  Peroxidase  in  En- 
zyme  Immunoassay,  Journal  of  Immunoassay  2, 
1  87  (1  981  )). 

In  accordance  with  one  aspect  of  the  present 
25  invention,  instead  of  measuring  the  color  generated 

by  a  chromogenic  substance,  TMB,  a  light  signal, 
such  as  light  scattering,  is  detected.  The  addition 
of  a  light  scattering  source,  such  as  fumed  silica 
particles  or  polystyrene  microbeads,  to  the  ox- 

30  idized  TMB  results  in  attenuation  of  the  light  scat- 
tering,  when  measured  at  450nm,  as  a  function  of 
the  amount  of  oxidized  TMB  present  and,  hence, 
indirect  measurement  of  the  analyte  concentration 
in  the  assayed  sample.  The  attenuation  of  light 

35  scatter  measured  at  450nm  as  a  function  of  con- 
centration  of  oxidized  TMB  is  illustrated  in  Fig.  1. 
The  attenuation  of  light  scatter  at  450nm  is  related 
to  the  absorption  characteristics  of  the 
chromogenic  substance.  Specifically,  as  the  con- 

40  centration  of  oxidized  TMB  increases,  the  amount 
of  light  absorption  increases  and  the  amount  of 
light  scatter  decreases  when  the  wavelength  of  the 
incident  light  is  the  same  as  the  wavelength  of 
maximum  absorption  of  the  oxidized  TMB,  in  this 

45  instance,  at  450nm.  On  the  other  hand,  it  can  be 
seen  in  Fig.  1  that  the  light  scatter  measured  at  two 
other  wavelengths,  spectrally  removed  from  the 
wavelength  of  maximum  absorption  of  the  TMB,  is 
not  attenuated  over  the  concentration  range  set 

50  forth.  Indeed,  as  the  light  scatter  detection  at 
560nm  and  660nm  remains  substantially  constant 
over  the  concentration  range,  light  scatter  at  these 
two  frequencies  may  be  used  as  internal  referen- 
cing  wavelengths,  since  their  magnitudes  are  in- 

55  dependent  of  the  concentration  of  the  light  absorb- 
ing  substance.  Accordingly,  a  ratio  may  be  formed 
with  the  light  scatter  measured  at  the  wavelength  of 
maximal  absorption  of  the  chromogenic  substance 

4 
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and  at  another  wavelength  spectrally  removed  from 
the  wavelength  of  maximal  absorption  and  which  is 
independent  of  the  concentration  of  the 
chromogenic  substance.  These  light  scatter  ratios, 
determined  as  a  function  of  concentration  of  ox- 
idized  TMB,  are  illustrated  in  Fig.  2. 

It  can  be  seen  in  Fig.  2  that  two  ratios  have 
been  measured,  one  at  450nm/560nm  and  the  oth- 
er  at  450nm/660nm.  Both  of  these  ratios  track  the 
attenuation  curve  of  the  oxidized  TMB  illustrated  in 
Fig.  1.  Fig.  2,  however,  demonstrates  that  the  pre- 
cision  of  the  450nm/560nm  ratio  is  somewhat  bet- 
ter  than  the  450nm/660nm  ratio.  It  is  understood 
that  light  scatter  may  be  measured  at  frequencies 
other  than  560nm  and  660nm  in  order  to  establish 
ratios  in  which  one  of  the  wavelengths  is  indepen- 
dent  of  the  concentration  of  the  chromogenic  sub- 
stance.  By  establishing  the  ratio  of  light  scattering 
at  such  frequencies  as  illustrated  in  Fig.  2.  an 
internal  correction  is  provided  for  the  detection 
system,  which  negates  differences  in  length  of  the 
light  path,  optical  quality  of  the  sample  tube,  tube 
positioning,  variations  in  lamp  output  and  even  dif- 
ferences  in  the  concentration  of  the  light  scatter 
source  added  to  the  sample. 

Another  indirect  colorimetric  technique  for  the 
detection  of  an  analyte  in  a  sample  involves  the 
use  of  two  fluorophores.  Instead  of  measuring  the 
light  scatter  characteristics  of  the  liquid  solution 
containing  the  chromogenic  substance,  such  as 
TMB,  fluorescence  is  measured.  One  of  the 
fluorophores  serves  as  a  reporter  signal,  while  the 
other  fluorophore  serves  as  a  reference  signal. 

The  fluorophores  used  in  this  approach  are 
chosen  or  selected  so  that  their  respective 
wavelengths  of  excitation  and  emission  are  sub- 
stantially  spectrally  separated  from  each  other. 
Keeping  this  feature  in  mind,  the  fluorophore  which 
is  to  serve  as  the  reporter  is  selected  so  that  its 
wavelengths  of  excitation  and  emission  are  at  or 
substantially  near  the  absorbance  maxima  of  the 
chromogenic  substance.  For  example,  as  pointed 
out  above,  the  absorbance  maxima  of  oxidized 
TMB  is  at  450nm.  It  has  been  determined  that  the 
degree  of  fluorescence  is  attenuated  as  a  function 
of  the  concentration  of  the  chromogenic  substance, 
such  as  oxidized  TMB,  if  the  wavelength  of  either 
the  excitation  or  emission  of  the  fluorophore  is  at  or 
substantially  near  the  wavelength  as  that  maximally 
absorbed  by  the  oxidized  TMB.  As  the  concentra- 
tion  of  the  chromogenic  substance  increases,  the 
amount  of  incident  light  absorption  increases,  while 
the  degree  of  fluorescence  decreases. 

On  the  other  hand,  the  second  fluorophore  is 
selected  so  that  it  has  a  wavelength  of  excitation  or 
emission  spectrally  removed  from  the  wavelength 
representing  the  absorption  maxima  of  the 
chromogenic  substance.  Measurement  of  the  flu- 

orescence  emitted  by  the  second  or  reference 
fluorophore  in  a  spectral  region  that  does  not  over- 
lap  the  absorption  spectrum  of  the  chromogenic 
substance  is  independent  of  the  concentration  of 

5  the  absorbing  species.  By  examining  the  ratio  of 
fluorescence  of  the  reporter  fluorophore,  at  or  sub- 
stantially  near  the  wavelength  of  maximum  absor- 
bance  of  the  chromogenic  substance,  to  that  of  the 
reference  fluorophore  in  a  region  spectrally  re- 

io  moved  from  the  absorption  spectrum  of  the 
chromogenic  substance  provides  a  measurement 
technique  that  indirectly  measures  the  amount  of 
color  generated  in  an  enzyme  immunoassay. 

Reliance  on  the  ratio  of  fluorescence  signals, 
is  one  fluorophore  being  the  reporter  and  the  other 

fluorophore  being  the  reference,  provides  the  same 
advantageous  features  as  the  previously  described 
light  scatter  ratio  for  the  indirect  colorimetric  detec- 
tion  of  the  analyte  in  a  sample. 

20  When  the  fluorescence  ratio  technique  is  em- 
ployed,  the  preferred  chromogenic  substance  is 
TMB  which,  when  oxidized,  has  an  absorption 
maxima  substantially  at  450nm.  A  number  of 
fluorophores  are  available  which  have  a  wavelength 

25  of  excitation  or  emission  at  or  nearly  the  same  as 
the  absorption  maxima  of  oxidized  TMB.  For  exam- 
ple,  Coumarin  343,  9-aminoacridine  hydrochloride 
and  8-methoxypyrene-1  ,3,6-trisulfonic  acid  (MPT) 
are  good  candidates  as  the  reporter  fluorophore, 

30  with  MPT  being  preferred.  MPT  is  excited  at  about 
395nm,  and  has  a  peak  emission  at  about  430nm. 
These  wavelengths  are  relatively  close  to  the  ab- 
sorption  maxima  of  oxidized  TMB  at  450nm. 

Different  fluorophores  may  also  be  selected  as 
35  the  reference  fluorophore,  including  oxazine  170 

perchlorate  and,  preferably,  sulforhodamine  101 
(SR  101).  SR  101  is  excited  at  589nm,  and  pro- 
vides  a  peak  emission  at  about  605nm.  Thus,  it  can 
be  seen  that  the  excitation  and  emission 

40  wavelengths  of  SR  101  are  substantially  spectrally 
separated  or  removed  from  the  wavelength  of  ab- 
sorption  maxima  of  the  oxidized  TMB,  as  well  as 
the  wavelengths  of  excitation  and  emission  of  the 
reporter  fluorophore,  such  as  MPT.  This  spectral 

45  separation  allows  for  the  detection  of  a  fluores- 
cence  signal  which  is  independent  of  the  con- 
centration  of  the  absorbing  species. 

Further,  with  respect  to  the  reference 
fluorophore,  it  should  be  chosen  so  that  there  is  no, 

50  or  substantially  no,  attenuation  of  the  signal  relative 
to  the  different  concentrations  of  the  chromogenic 
substance,  such  as  TMB.  In  this  regard,  the  refer- 
ence  fluorophore  serves  as  an  internal  referencing 
system  correcting  for  a  number  of  factors,  includ- 

55  ing  tube  position,  diameter  or  optical  quality. 
Therefore,  in  selecting  the  respective  reporter  and 
reference  fluorophores,  the  reporter  fluorophore 
should  have  its  degree  of  fluorescence  attenuated 

5 
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as  a  function  of  the  concentration  of  the 
chromogenic  substance  at  or  near  its  absorption 
maxima,  while  the  degree  of  fluorescence  of  the 
reference  fluorophore  should  remain  relatively  con- 
stant  as  a  function  of  the  concentration  of  the 
chromogenic  substance.  It  should  be  noted  that 
some  fluorophores,  such  as  SR  101,  may  serve  as 
the  reference  fluorophore  as  long  as  the  degree  of 
fluorescence  remains  fairly  constant,  as  a  function 
of  the  chromogenic  substance,  for  short  periods  of 
time  after  the  addition  of  the  stopping  reagent, 
such  as  less  than  two  minutes. 

Enzyme  immunoassays  for  a  number  of  an- 
alytes  are  the  assays  of  choice  for  the  indirect 
colorimetric  detection  methods  of  the  present  in- 
vention.  For  example,  analytes  such  as  human 
chorionic  gonadotropin  (hCG)  are  assayed  in  test- 
ing  for  the  pregnancy  of  women;  luteinizing  hor- 
mones  (hLH)  are  assayed  in  the  testing  of  fertility 
of  women;  thyroid  stimulating  hormone;  thyroxine; 
and  assays  for  the  testing  of  certain  bacteria  and 
microorganisms  are  performed  using  enzyme  im- 
munoassays  and  colorimetric  detection  techniques. 
The  present  invention,  however,  is  not  limited  to 
the  detection  of  the  aforementioned  analytes,  since 
such  analytes  are  merely  exemplary  of  the  many 
different  kinds  of  analytes  which  may  be  measured 
employing  the  indirect  light  detection  techniques  of 
the  present  invention. 

In  addition  to  the  use  of  TMB  in  hydrogen 
peroxide  as  the  chromogenic  substance,  it  is  un- 
derstood  that  other  chromogenic  substances  may 
be  used  in  the  present  invention.  The  techniques  of 
the  present  invention,  as  described  above,  may  be 
applied  to  various  enzyme  or  substrate  systems  by 
measuring  the  light  scatter  or  fluorescence  at  or 
near  the  wavelength  of  maximum  absorbance  of 
the  chromogenic  substance  and  referencing  at  a 
wavelength  removed  from  its  absorption  spectrum 
and  which  is  independent  of  the  concentration  of 
the  analyte  of  interest.  Thus,  besides  TMB,  other 
representative  chromogenic  substances  include  the 
benzidines,  o-phenylenediamine,  o-tolidine  and 
ABTS. 

In  the  EIA  procedures  contemplated  hereby, 
the  enzyme  is  employed  to  label  the  analyte,  such 
as  an  antibody  or  antigen,  and  to  catalyze  the 
chromogenic  reaction.  Desirable  enzymes  are  the 
oxidoreductases,  particularly  the  heme  enzymes 
including  catalase  and  peroxidase.  These  enzymes 
have  distinctive  absorption  spectra  due  to  their 
heme  prosthetic  groups  and  show  transient 
changes  in  their  spectra  on  mixing  with  hydrogen 
peroxide,  their  substrate.  One  particularly  desired 
enzyme  which  catalyzes  TMB  is  horseradish  perox- 
idase. 

Regarding  the  particles  which  are  added  to  the 
assay  sample  as  a  light  scattering  source  a  number 

of  alternatives  are  available.  Microparticles,  having 
an  average  diameter  ranging  between  0.010  and 
0.014  microns,  are  preferably  included  in  the  liquid 
solution  through  which  light  is  directed  so  that, 

5  when  light  strikes  these  particles,  a  scattering  ef- 
fect  results.  Microbeads,  such  as  those  made  of 
polystyrene  or  other  materials  having  a  density 
approximately  the  same  as  the  density  of  water, 
are  suitable  as  a  source  for  providing  the  light 

io  scattering  effect.  It  is  preferred  that  such  micro- 
beads  have  substantially  no  secondary  emission 
properties  which  may  distort  the  readings.  Most 
preferably,  however,  it  has  been  found  that  micro- 
particles,  in  the  above-mentioned  size  range, 

is  formed  of  fumed  silica  perform  most  satisfactorily 
in  the  present  invention.  It  has  been  found  that  a 
dilution  of  fumed  silica  in  citric  acid  produces  a 
light  scatter  response  which  is  linear  with  the  con- 
centration  of  fumed  silica  up  to  0.3%  (w/v).  Indeed, 

20  the  amount  of  fumed  silica  added  to  different  tubes 
may  vary  without  affecting  the  light  scatter  read- 
ings,  because  the  measurement  of  light  scattering 
as  a  ratio  compensates  for  such  differences. 

Well-known  enzyme  immunoassay  techniques 
25  may  be  employed  hereunder.  For  instance,  a  test 

tube  or  the  like,  typically  made  from  clear  or  trans- 
parent  plastic,  includes  an  antibody,  for  the  antigen 
or  analyte  of  interest,  bound  to  the  interior  surfaces 
thereof.  In  one  or  more  steps,  an  enzyme-labeled 

30  antibody  conjugate  and  a  liquid  sample  to  be  test- 
ed  for  the  analyte  are  combined  in  the  tube  so  that 
the  analyte  binds  to  the  bound  antibody  and  to  the 
conjugate  to  form  an  immunologic  complex  in  solid 
phase.  This  immunologic  complex  is  representative 

35  of  a  sandwich  formation  occurring  between  the 
solid  phase  antibody,  the  analyte  and  the  enzyme- 
labeled  antibody  such  that  the  amount  of  enzyme- 
labeled  antibody  bound  to  the  solid  phase  is  di- 
rectly  proportional  to  analyte  concentration  in  the 

40  sample.  In  usual  fashion,  unreacted  reagents  are 
washed  from  the  tube,  and  substrate  is  then  added 
to  initiate  the  enzyme  reaction. 

In  a  preferred  embodiment  hereunder,  the  en- 
zyme  reaction  includes  the  addition  of  both  hy- 

45  drogen  peroxide  and  TMB  to  the  tube,  whereby  the 
TMB  is  activated  (oxidized)  resulting  in  the  genera- 
tion  of  color  within  the  tube  after  a  given  period  of 
time.  The  concentration  of  the  oxidized  TMB  within 
the  tube  is  directly  proportional  to  the  concentration 

50  of  the  analyte  in  the  sample.  An  acid  solution  is 
then  added  to  the  tube  in  order  to  terminate  the 
enzyme  reaction.  Assays  of  this  type  may  be  re- 
ported  by  measuring  the  light  signal  by  use  of  a 
spectrophotometer  or  fluorometer.  These  color-de- 

55  tecting  instruments  are  well-known  and  typically 
include  a  lamp  as  a  light  source,  a  stage  or  device 
for  holding  the  test  tube,  a  photomultiplier  tube  and 
optics  to  detect  the  light.  Inasmuch  as  scatter  light 
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may  be  detected  in  any  direction,  the  positioning  of 
the  light  detection  devices  within  the  instrument 
may  vary.  For  example,  if  a  fluorometer  is  to  be 
used,  fluorescence  is  detected  at  90°  relative  to 
the  incident  light  beam.  In  accordance  with  another 
aspect  of  this  invention,  the  optics  of  the  fluoro- 
meter  may  be  modified  so  that  light  scatter,  instead 
of  fluorescence,  is  detected  at  90°  relative  to  the 
incident  light  beam.  In  spectrophotometers,  color 
may  be  measured  in  the  forward  direction  relative 
to  the  incident  light  beam;  those  instruments  may 
be  modified  to  detect  scatter,  rather  than  color,  in 
the  forward  direction.  Light  scatter  may  be  de- 
tected  in  other  directions,  as  well. 

When  using  a  lamp,  such  as  a  tungsten  lamp, 
as  the  light  source,  a  spectrally  rich  beam  of  light 
is  typically  provided  having  wavelengths  between 
350nm  and  800nm.  With  such  spectrally  rich  light, 
it  may  be  necessary  to  filter  the  light  beam  on  the 
incident  side  of  the  test  tube  or  on  the  scattered 
side,  or  both.  By  using  the  appropriate  filters,  it  is 
possible  to  obtain  the  highest  possible  signal, 
whether  light  scatter  or  fluorescence,  at  the 
wavelength  of  maximal  absorption  by  the 
chromogenic  substance.  Selection  and  positioning 
of  the  appropriate  filters  depends  upon  the 
chromogenic  substance  of  choice  since  the 
wavelength  of  attenuation  and  the  referencing 
wavelength  may  vary  from  substance  to  substance. 
Filter  selection  and  positioning  may  be  readily  per- 
formed  by  one  having  ordinary  skill  in  the  field  of 
optics. 

The  following  examples  are  provided  as  exem- 
plary  of  the  techniques  of  the  present  invention,  but 
it  is  understood  that  the  invention  is  not  to  be 
construed  as  limited  thereto. 

EXAMPLE  I 

A  light  transparent  polystyrene  tube  had  its 
interior  surfaces  coated  with  anti-hCG.  To  this  tube 
was  added  100  microliters  of  1:50  dilution  of  anti- 
hCG  peroxidase-labeled  conjugate,  and  100  micro- 
liters  of  a  liquid  sample  to  be  tested  for,  and 
believed  to  contain,  hCG.  The  reaction  was  allowed 
to  proceed  for  30  minutes  at  37  °C,  and  the  in- 
cubate  was  then  aspirated.  After  washing  the  tube 
three  times  each  with  two  milliliters  of  0.05% 
Tween®  in  water,  200  microliters  of  substrate,  con- 
taining  both  tetramethylbenzidine  (TMB)  and  hy- 
drogen  peroxide,  were  added,  and  the  mixture  was 
allowed  to  incubate  for  30  minutes  at  room  tem- 
perature.  To  the  tube  was  then  added  one  milliliter 
of  1M  citric  acid  containing  0.3%  (w/v)  of  fumed 
silica  particles  having  an  average  diameter  of  about 
0.014  microns.  The  tube  was  then  placed  in  an 
optically-modified  fluorometer  and  light  was  direct- 
ed  through  the  walls  of  the  tube  into  the  suspen- 

sion.  Light  scattered  at  90°  relative  to  the  incident 
light  beam  was  detected  at  both  450nm  and 
560nm,  and  the  results  were  expressed  as  a  ratio 
of  the  two  wavelengths.  A  standard  curve  was 

5  prepared,  by  using  the  same  steps  as  outlined 
above,  with  samples  containing  known  concentra- 
tions  of  hCG,  and  the  data  related  thereto  are 
shown  in  the  curve  of  Fig.  3.  By  comparing  the 
ratio  of  the  unknown  sample  expressed  by  the 

io  instrument  with  the  ratio  of  the  standard  curve  of 
Fig.  3,  the  hCG  concentration  in  the  unknown  sam- 
ple  was  determined. 

EXAMPLE  II 
15 

A  light  transparent  polystyrene  tube  had  its 
interior  surfaces  coated  with  anti-hLH.  To  the  tube 
was  added  100  microliters  of  a  1:50  dilution  of  anti- 
hLH  peroxidase-labeled  conjugate,  and  100  micro- 

20  liters  of  a  sample  to  be  tested  for,  and  believed  to 
contain,  hLH.  The  reaction  was  allowed  to  proceed 
for  one  hour  at  37  °C,  and  the  incubate  was  then 
aspirated.  The  tube  was  washed  three  times  with 
two  milliliters  each  of  0.05%  Tween®  in  water.  To 

25  the  washed  tube  were  added  200  microliters  of 
substrate,  containing  both  tetramethylbenzidine 
(TMB)  and  hydrogen  peroxide,  and  the  reaction 
was  allowed  to  proceed  for  30  minutes  at  room 
temperature.  The  reaction  was  terminated  by  add- 

30  ing  one  milliliter  of  1M  citric  acid  containing  0.3% 
(w/v)  particles  of  fumed  silica  having  an  average 
diameter  of  about  0.014  microns.  The  tube  was 
positioned  in  a  fluorometer  instrument  optically 
modified  to  read  light  scatter  collected  at  90° 

35  relative  to  the  incident  light  beam.  Light  scatter  was 
detected  at  both  450nm  and  560nm  and  the  results 
were  expressed  as  a  ratio  of  the  light  scattering  at 
the  two  wavelengths.  A  standard  curve  was  pre- 
pared  in  which  the  ratios  were  measured  as  a 

40  function  of  known  concentrations  of  hLH.  This  stan- 
dard  curve  is  illustrated  in  Fig.  4.  In  the  sample 
under  test,  the  ratio  of  light  scatter  expressed  by 
the  instrument  was  compared  to  the  standard  curve 
of  Fig.  4  so  that  the  concentration  of  hLH  in  the 

45  unknown  sample  was  able  to  be  ascertained. 

EXAMPLE  III 

A  light  transparent  polystyrene  tube  had  its 
50  interior  surfaces  coated  with  anti-hCG.  To  this  tube 

was  added  100  microliters  of  1:200  dilution  of  anti- 
hCG  peroxidase-labeled  conjugate,  and  100  micro- 
liters  of  a  liquid  sample  to  be  tested  for,  and 
believed  to  contain,  hCG.  The  reaction  was  allowed 

55  to  proceed  for  15  minutes  at  37  °C,  and  the  in- 
cubate  was  then  aspirated.  After  washing  the  tube 
three  times  each  with  2  milliliters  of  0.05%  Tween® 
in  water,  200  microliters  of  substrate,  containing 
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both  TMB  and  hydrogen  peroxide  were  added  to 
each  tube.  The  TMB  contained  1.7  micro-M  MPT 
and  8.6  micro-M  SR  101.  This  mixture  was  allowed 
to  incubate  for  15  minutes  at  37  °C.  To  the  tube 
was  then  added  0.8  milliliters  of  1  M  citric  acid. 
The  tube  was  then  placed  in  a  fluorometer  which 
included  a  395nm  filter  on  the  excitation  side  and  a 
430nm  filter  on  the  emission  side  for  the  MPT 
fluorophore.  The  fluorometer  included  a  589nm  fil- 
ter  on  the  excitation  side  and  a  605nm  filter  on  the 
emission  side  for  the  SR  101  fluorophore.  Light 
from  a  lamp  was  directed  through  the  walls  of  the 
tube  into  the  solution.  Fluorescence  was  detected 
at  430nm  and  605nm,  and  the  results  were  ex- 
pressed  as  a  ratio  of  the  two  wavelengths.  A  stan- 
dard  curve  was  prepared,  by  using  the  same  steps 
as  outlined  above,  with  samples  containing  known 
concentrations  of  hCG,  and  the  data  related  thereto 
are  shown  in  the  curve  of  Fig.  5.  By  comparing  the 
fluorescence  ratio  of  the  unknown  sample  ex- 
pressed  by  the  instrument  with  the  ratio  of  the 
standard  curve  of  Fig.  5,  the  hCG  concentration  in 
the  unknown  sample  was  determined. 

EXAMPLE  IV 

In  a  procedure  similar  to  the  previous  exam- 
ples,  a  tube  was  coated  with  anti-hTSH.  To  this 
tube  was  added  100  microliters  of  a  1:200  dilution 
of  anti-hTSH  peroxidase-labeled  conjugate  and  200 
microliters  of  a  sample  to  be  tested  for,  and  be- 
lieved  to  contain,  hTSH.  The  reaction  was  allowed 
to  proceed  at  30  minutes  at  37°  C  and  the  incubate 
was  then  aspirated.  The  tube  was  washed  three 
times  with  two  milliliters  each  of  0.05%  Tween®  in 
water.  To  the  washed  tube  was  added  300  micro- 
liters  of  substrate,  containing  TMB  and  hydrogen 
peroxide,  and  the  two  fluorophores  as  above,  MPT 
and  SR  101.  The  reaction  was  allowed  to  proceed 
for  seven  minutes  at  37  °C,  and  the  reaction  was 
stopped  by  adding  0.8  milliliters  of  1  M  citric  acid. 
The  tube  was  read  in  the  fluorometer  as  described 
in  Example  III,  and  the  results  were  expressed  as  a 
ratio  of  MPT/SR  101  to  the  concentration  of  hTSH 
originally  in  the  sample.  Typical  results  are  illus- 
trated  in  Fig.  6. 

EXAMPLE  V 

A  light  transparent  polystyrene  tube  had  its 
interior  surfaces  coated  with  anti-T .̂  To  the  coated 
tube  was  added  300  microliters  of  a  1:15,000  dilu- 
tion  of  peroxidase-labeled  T+  conjugate  and  25 
microliters  of  a  sample  to  be  tested  for,  and  be- 
lieved  to  contain,  T+.  The  reaction  was  allowed  to 
proceed  for  15  minutes  at  37  °C,  and  the  incubate 
was  then  aspirated.  The  tube  was  washed  six  times 
with  0.5  milliliters  each  of  0.5%  Tween®-20  in 

water.  To  the  washed  tube  was  added  300  micro- 
liters  of  substrate  containing  TMB  and  hydrogen 
peroxide,  and  the  two  fluorophores  MPT  and  SR 
101.  The  reaction  was  allowed  to  proceed  for  15 

5  minutes  at  37  °C,  and  the  reaction  was  stopped  by 
the  addition  of  0.8  milliliters  of  1M  citric  acid.  The 
tube  was  then  read  in  a  fluorometer  as  described  in 
Example  III,  and  the  ratio  of  MPT/SR  101  was 
plotted  as  a  function  of  the  amount  of  T+  originally 

io  added  to  the  tube.  Typical  data  is  illustrated  in  Fig. 
7. 

Thus,  the  present  invention  relies  on  the  ratio 
of  light  signals  for  the  indirect  colorimetric  detec- 
tion  of  an  analyte  of  interest.  Use  of  the  ratio 

is  technique  as  described  herein  provides  an  internal 
correction  mechanism  which  negates  differences  in 
length  of  light  path,  optical  quality  of  the  tube,  tube 
positioning,  variations  in  lamp  output  and  similar 
factors  which  affect  the  optics  of  the  system.  In 

20  conventional  colorimetry,  differences  such  as  fluc- 
tuation  in  lamp  output  and  path  length  are  typically 
corrected  by  using  a  double  beam  spectrometer 
and  matched  cuvettes  for  all  measurements.  Since 
the  detector  used  in  the  present  invention  does  not 

25  employ  a  double  beam  and  a  different  cuvette  is 
used  for  each  measurement,  the  ratio  techniques 
described  herein  serve  as  an  effective  way  for 
minimizing  these  effects. 

30  Claims 

1.  A  method  employing  an  enzyme  immunoassay 
for  measuring  the  concentration  of  an  analyte 
in  a  sample  by  indirect  colorimetric  detection 

35  comprising: 
(a)  combining  a  peroxidase-labeled  antibody 
conjugate,  a  sample  to  be  tested  for  an 
analyte,  and  an  antibody  bound  to  the  inte- 
rior  surfaces  of  a  transparent  plastic  tube  so 

40  that  the  analyte  binds  to  said  bound  anti- 
body  and  said  conjugate  to  form  an  im- 
munologic  complex  in  solid  phase; 
(b)  admixing  into  said  tube  a  liquid  solution 
containing  a  tetramethylbenzidine  and 

45  hdyrogen  peroxide  to  cause  a  reaction  with 
said  immunologic  complex  and  to  activate 
the  tetramethylbenzidine  for  a  colorimetric 
response; 
(c)  adding  to  said  admixture  an  acidic 

50  particle-containing  solution  which  terminates 
said  reaction  and  causes  a  stable  particulate 
suspension  to  result; 
(d)  directing  incident  light  at  a  plurality  of 
weave-lengths  through  said  tube  into  said 

55  suspension,  a  first  wavelength  of  said  in- 
cident  light  being  substantially  at  450nm  at 
which  activated  tetramethylbenzidine  attenu- 
ates  by  absorption  the  amount  of  light  scat- 

8 



15 EP  0  278  149  B1 16 

tered  from  said  incident  light  as  a  function 
of  the  increasing  concentration  of  the  an- 
alyte  present,  a  second  wavelength  being 
spectrally  removed  from  said  first 
wavelength  and  at  which  substantially  no  5 
attenuation  of  light  scatter  occurs  as  the 
concentration  of  the  analyte  increases; 
(e)  detecting  light  scattered  by  the  suspen- 
sion  at  said  first  and  at  said  second 
wavelengths  and  forming  a  ratio  of  said  two  10 
respective  wavelengths;  and 
(f)  comparing  the  magnitude  of  said  formed 
ratio  with  the  magnitude  of  a  ratio  asso- 
ciated  with  light  scatter  detection  when 
steps  (a)  to  (e)  are  performed  with  samples  is 
containing  known  concentrations  of  said  an- 
alyte,  whereby  the  concentration  of  the  an- 
alyte  in  the  sample  is  measured. 

The  method  of  claim  1  wherein  the  analyte  is  20 
selected  from  the  group  consisting  of  human 
chorionic  gonadotropin  and  luteinizing  hor- 
mone. 

A  method  employing  an  enzyme  immunoassay  25 
for  measuring  the  concentration  of  an  analyte 
in  a  sample  by  indirect  colorimetric  detection 
comprising: 

(a)  combining  a  peroxidase-labeled  antibody 
conjugate,  a  sample  to  be  tested  for  an  30 
analyte,  and  an  antibody  bound  to  the  inte- 
rior  surfaces  of  a  transparent  plastic  tube  so 
that  the  analyte  binds  to  said  bound  anti- 
body  and  said  conjugate  to  form  an  im- 
munologic  complex  in  solid  phase;  35 
(b)  admixing  into  said  tube  a  liquid  solution 
containing  a  tetramethylbenzidine  and  hy- 
drogen  peroxide  to  cause  a  reaction  with 
said  immunologic  complex  and  to  activate 
the  tetramethylbenzidine  for  a  colorimetric  40 
response; 
(c)  adding  to  said  admixture  a  first 
fluorophore  for  causing  fluorescence  at  or 
near  the  absorbance  maxima  of  activated 
tetramethylbenzidine  as  a  function  of  the  45 
increasing  concentration  of  the  analyte 
present  in  the  sample; 
(d)  adding  to  said  admixture  a  second 
fluorophore  which  has  substantially  no  at- 
tenuation  of  its  fluorescence  as  the  con-  so 
centration  of  the  analyte  increases  and 
causes  fluorescence  at  a  wavelength  spec- 
trally  removed  from  that  of  the  actived 
tetramethylbenzidine; 
(e)  directing  incident  light  at  a  plurality  of  55 
wavelengths  through  said  tube  into  said 
last-mentioned  admixture,  said  wavelengths 
including  a  wavelength  at  or  near  said  ab- 

sorbance  maxima  of  activated  tetramethyl- 
benzidine,  and  including  wavelengths  for 
causing  excitation  of  said  first  and  said  sec- 
ond  fluorophores; 
(f)  detecting  fluorescence  emitted  by  the 
fluorophores  and  forming  a  ratio  of  the  two 
fluorescence  wavelengths;  and 
(g)  comparing  the  magnitude  of  said  formed 
ratio  with  the  magnitude  of  a  ratio  asso- 
ciated  with  fluorescence  detection  when 
steps  (a)  to  (f)  are  performed  with  samples 
containing  known  concentrations  of  said  an- 
alyte,  whereby  the  concentration  of  the  an- 
alyte  in  the  sample  is  measured. 

Patentanspruche 

1.  Verfahren  fur  die  Konzentrationsmessung  eines 
Analytes  in  einer  Probe  unter  Verwendung  ei- 
nes  Enzym  Immunoassays  durch  indirekte  ko- 
lorimetrische  Ermittlung  mit  den  Schritten: 

a)  Kombinieren  eines  Peroxidase  markierten 
Antikorperkonjugats,  einer  nach  einem  Ana- 
lyt  zu  testenden  Probe  und  eines  an  die 
inneren  Oberflachen  eines  transparenten 
Plastikrohrs  gebundenen  Antikorpers,  so 
da/S  das  Analyt  sich  mit  dem  gebundenen 
Antikorper  und  dem  Konjugat  zur  Bildung 
eines  immunologischen  Komplexes  in  fester 
Phase  verbindet; 
b)  Beimischen  einer  Tetramethylbenzidin 
und  Wasserstoffperoxid  enthaltenden  flussi- 
gen  Losung  in  das  genannte  Rohr,  urn  eine 
Reaktion  mit  dem  immunologischen  Kom- 
plex  hervorzurufen  und  das  Tetramethylben- 
zidin  fur  eine  kolorimetrische  Antwort  zu 
aktivieren; 
c)  Beifugen  einer  sauren,  Teilchen  enthal- 
tenden  Losung,  die  die  Reaktion  beendet 
und  als  Ergebnis  eine  stabile  Teilchensu- 
spension  hervorruft,  zu  der  Mischung; 
d)  Durchleiten  eingestrahlten  Lichtes  durch 
das  Rohr  in  die  Suspension  hinein  bei  einer 
Vielzahl  von  Wellenlangen,  wobei  eine  erste 
Wellenlange  des  eingestrahlten  Lichtes  im 
wesentlichen  bei  450  nm  liegt,  wo  aktivier- 
tes  Tetramethylbenzidin  durch  Absorption 
die  von  dem  eingestrahlten  Licht  gestreute 
Lichtmenge  als  eine  Funktion  der  zuneh- 
menden  Konzentration  des  vorhandenen 
Analytes  dampft,  und  eine  zweite  Wellen- 
lange  von  der  ersten  Wellenlange  spektral 
entfernt  ist,  bei  der  im  wesentlichen  keine 
Dampfung  der  Lichtstreuung  bei  der  Zunah- 
me  der  Analytkonzentration  auftritt; 
e)  Ermitteln  des  durch  die  Suspension  bei 
der  ersten  und  zweiten  Wellenlange  ge- 
streuten  Lichtes  und  Bilden  eines  Verhalt- 
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nisses  der  beiden  betreffenden  Wellenlan- 
gen;  und 
f)  Vergleichen  der  Gro/Se  des  gebildeten 
Verhaltnisses  mit  der  Gro/Se  eines  Verhalt- 
nisses,  das  einer  Lichtstreuungsermittlung  5 
zugeordnet  ist,  wenn  die  Schritte  (a)  bis  (e) 
mit  Proben  ausgefuhrt  werden,  die  bekannte 
Konzentrationen  des  Analytes  beinhalten, 
wodurch  die  Analytkonzentration  in  der  Pro- 
be  gemessen  wird.  10 

Verfahren  aus  Anspruch  1  ,  bei  dem  das  Analyt 
aus  der  aus  Humanchoriongonadotropin  und 
luteinisierendem  Hormon  bestehenden  Gruppe 
gewahlt  ist.  is 

Verfahren  fur  die  Konzentrationsmessung  eines 
Analytes  in  einer  Probe  unter  Verwendung  ei- 
nes  Enzym  Immunoassays  durch  indirekte  ko- 
lorimetrische  Ermittlung  mit  den  Schritten:  20 

a)  Kombinieren  eines  Peroxidase  markierten 
Antikorperkonjugats,  einer  nach  einem  Ana- 
lyt  zu  testenden  Probe  und  eines  an  die 
inneren  Oberflachen  eines  transparenten 
Plastikrohrs  gebundenen  Antikorpers,  so  25 
da/S  das  Analyt  sich  mit  dem  gebundenen 
Antikorper  und  dem  Konjugat  zur  Bildung 
eines  immunologischen  Komplexes  in  fester 
Phase  verbindet; 
b)  Beimischen  einer  Tetramethylbenzidin  30 
und  Wasserstoffperoxid  enthaltenden  flussi- 
gen  Losung  in  das  Rohr,  urn  eine  Reaktion 
mit  dem  immunologischen  Komplex  hervor- 
zurufen  und  das  Tetramethylbenzidin  fur 
eine  kolorimetrische  Antwort  zu  aktivieren;  35 
c)  Beifugen  eines  ersten  Fluorophors  zu  der 
Mischung,  urn  Fluoreszenz  bei  oder  nahe 
der  Absorptionsmaxima  von  aktiviertem  Tet- 
ramethylbenzidin  als  eine  Funktion  der  zu- 
nehmenden  Konzentration  des  in  der  Probe  40 
vorhandenen  Analytes  hervorzurufen; 
d)  Beifugen  eines  zweiten  Fluorophors  zu 
der  Mischung,  das  im  wesentlichen  keine 
Dampfung  seiner  Fluoreszenz  zeigt,  wenn 
die  Analytkonzentration  zunimmt  und  bei  ei-  45 
ner  spektral  von  der  des  aktivierten  Tetra- 
methylbenzidin  entfernten  Wellenlange 
Fluoreszenz  hervorruft; 
e)  Durchleiten  eingestrahlten  Lichts  durch 
das  Rohr  in  die  zuletzt  erwahnte  Mischung  so 
hinein  bei  einer  Vielzahl  von  Wellenlangen, 
wobei  die  Wellenlangen  eine  Wellenlange 
bei  oder  nahe  den  Absorptionsmaxima  von 
aktiviertem  Tetramethylbenzidin  und  die  An- 
regung  des  ersten  und  zweiten  Fluoropho-  55 
res  bewirkende  Wellenlangen  aufweisen; 
f)  Ermitteln  der  durch  die  Fluorophore  aus- 
gestrahlten  Fluoreszenz  und  Bilden  eines 

Verhaltnisses  der  zwei  Fluoreszenzwellen- 
langen;  und 
g)  Vergleichen  der  Gro/Se  des  gebildeten 
Verhaltnisses  mit  der  Gro/Se  eines  Verhalt- 
nisses,  das  der  Fluoreszenzermittlung  zuge- 
ordnet  ist,  wenn  die  Schritte  (a)  bis  (f)  mit 
Proben  ausgefuhrt  werden,  die  bekannte 
Konzentrationen  des  Analytes  beinhalten, 
wodurch  die  Analytkonzentration  in  der  Pro- 
be  gemessen  wird. 

Revendicatlons 

1.  Une  methode  employant  un  immunoessai  en- 
zymatique  pour  mesurer  la  concentration  d'un 
analyte  dans  un  echantillon  par  detection  colo- 
rimetrique  indirecte  comprenant: 

(a)  la  combinaison  d'un  conjugue  anticorps 
marque-peroxydase,  d'un  echantillon  a  tes- 
ter  pour  un  analyte  et  d'un  anticorps  fixe  sur 
la  surface  interieure  d'un  tube  en  plastique 
transparent  de  telle  maniere  que  I'analyte 
se  lie  au  dit  anticorps  fixe  et  au  dit  conjugue 
pour  former  un  complexe  immunologique 
en  phase  solide; 
(b)  le  melange  dans  ledit  tube  d'une  solu- 
tion  liquide  contenant  une  tetramethylbenzi- 
dine  et  du  peroxyde  d'hydrogene  pour  cau- 
ser  une  reaction  avec  ledit  complexe  immu- 
nologique  et  activer  la  tetramethylbenzidine 
pour  donner  une  reponse  colorimetrique; 
(c)  I'addition  audit  melange  d'une  solution 
contenant  des  particules  acides  qui  met  un 
terme  a  ladite  reaction  et  a  pour  resultat 
une  suspension  particulaire  stable; 
(d)  la  direction  d'une  lumiere  incidente  a 
une  pluralite  de  longueurs  d'ondes  a  travers 
ledit  tube  dans  ladite  suspension,  une  pre- 
miere  longueur  d'onde  de  ladite  lumiere  in- 
cidente  etant  pratiquement  de  450  nm,  a 
laquelle  longueur  d'onde  la  tetramethylben- 
zidine  activee  attenue  par  absorption  la 
quantite  de  lumiere  dispersee  de  ladite  lu- 
miere  incidente  en  fonction  d'une  augmen- 
tation  de  la  concentration  de  I'analyte  pre- 
sent,  une  seconde  longueur  d'onde  etant 
spectralement  separee  de  ladite  premiere 
longueur  d'onde  et  a  laquelle  il  ne  se  pro- 
duit  pratiquement  pas  d'attenuation  de  la 
dispersion  de  lumiere  par  augmentation  de 
la  concentration  de  I'analyte; 
(e)  la  detection  de  la  lumiere  dispersee  par 
la  suspension  aux  dites  premiere  et  secon- 
de  longueurs  d'ondes  et  la  formation  d'un 
rapport  des  deux  longueurs  d'ondes  respec- 
tives;  et 
(f)  la  comparaison  entra  la  grandeur  dudit 
rapport  forme  avec  la  grandeur  d'un  rapport 
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associe  a  la  detection  de  la  lumiere  disper- 
see  lorsque  les  stades  (a)  a  (e)  sont  effec- 
tues  avec  des  echantillons  contenant  des 
concentrations  connues  dudit  analyte,  ce 
par  quoi  la  concentration  de  I'analyte  dans  5 
I'echantillon  est  mesuree. 

2.  La  methode  de  la  Revendication  1,  dans  la- 
quelle  I'analyte  est  choisi  dans  le  groupe 
constitue  par  la  gonadotropine  chorionique  hu-  10 
maine  et  I'hormone  luteinisante. 

3.  Une  methode  employant  un  immunoessai  en- 
zymatique  pour  mesurer  la  concentration  d'un 
analyte  dans  un  echantillon  par  detection  colo-  is 
rimetrique  indirecte  comprenant: 

(a)  la  combinaison  d'un  conjugue  anticorps 
marque-peroxydase,  d'un  echantillon  a  tes- 
ter  pour  un  analyte  et  d'un  anticorps  fixe  sur 
la  surface  interieure  d'un  tube  en  plastique  20 
transparent  de  telle  maniere  que  I'analyte 
se  lie  audit  anticorps  fixe  et  au  dit  conjugue 
pour  former  un  complexe  immunologique 
en  phase  solide; 
(b)  le  melange  dans  ledit  tube  d'une  solu-  25 
tion  liquide  contenant  une  tetramethylbenzi- 
dine  et  du  peroxyde  d'hydrogene  pour  cau- 
ser  une  reaction  avec  ledit  complexe  immu- 
nologique  et  activer  la  tetramethylbenzidine 
pour  donner  une  reponse  colorimetrique;  30 
(c)  I'addition  audit  melange  d'un  premier 
fluorophore  pour  causer  une  fluorescence  a 
I'absorbance  maximum  ou  pres  de  I'absor- 
bance  maximum  de  la  tetramethylbenzidine 
activee  en  fonction  de  I'augmentation  de  la  35 
concentration  en  analyte  present  dans 
I'echantillon; 
(d)  I'addition  audit  melange  d'un  second 
fluorophore  qui  ne  presente  pratiquement 
pas  d'attenuation  de  sa  fluorescence  par  40 
augmentation  de  la  concentration  en  analyte 
et  qui  cause  une  fluorescence  a  une  lon- 
gueur  d'onde  spectralement  separee  de  cel- 
le  de  la  tetramethylbenzidine  activee; 
(e)  la  direction  d'une  lumiere  incidente  a  45 
une  pluralite  de  longueurs  d'ondes  a  travers 
ledit  tube  dans  ledit  melange  mentionne  en 
dernier  lieu,  lesdites  longueur  d'ondes  com- 
prenant  une  longueur  d'onde  qui  se  situe  a 
I'absorbance  maximum  ou  pres  de  I'absor-  so 
bance  maximum  de  la  tetramethylbenzidine 
activee  et  comprenant  des  longueurs  d'on- 
des  pour  causer  I'excitation  des  premier  et 
second  fluorophores; 
(f)  la  detection  de  la  fluorescence  emise  par  55 
les  fluorophores  et  la  formation  d'un  rapport 
des  deux  longueurs  d'ondes  de  fluorescen- 
ce;  et 

(g)  la  comparaison  de  la  grandeur  dudit 
rapport  forme  avec  la  grandeur  d'un  rapport 
associe  a  la  detection  de  la  fluorescence 
lorsque  les  stades  (a)  a  (f)  sont  effectues 
avec  des  echantillons  qui  contiennent  des 
concentrations  connues  dudit  analyte,  ce 
par  quoi  la  concentration  de  I'analyte  dans 
I'echantillon  est  mesuree. 
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